Background: Prenatal environmental enrichment (EE) has been proven to positively affect but prenatal stress negatively influence the
Introduction
Environmental enrichment (EE) is defined as an exposure of laboratory animals to physical and/or social stimulation superior to standard housing conditions (Halperin and Healey, 2011 ) [1] . EE gets more and more popular in the practice and study of animal husbandry, which has been proven to positively affect the physiological and psychological processes in animals (Toth et al., 2011) . In neuroscience, EE shows benefits in neurodegenerative and psychiatric disorders, including sleep disorders, depression, anxiety, drug addiction, Alzheimer's and Parkinson's disease, and traumatic brain injury (Laviola et al., 2008) . As a prenatal stress, earthquake simulation can significantly impact the psychological and intellectual development of fetus and birth outcomes (Zhang et al., 2008; . Pregnant female is extremely fragile in the face of earthquake. Physical and psychological damages are left behind to the mother and child (King et al., 2000) . Oyarzo et al (Oyarzo et al., 2012) reported disasters such as earthquakes are associated with adverse perinatal outcomes that negatively impact the entire maternal-neonatal healthcare system. Tan et al (Tan et al., 2009) found that rates of birth defects after an earthquake were significantly higher than those pre-earthquake, whose spectrum was dramatically altered after earthquake, with the markedly increased occurrences of ear malformations;
meanwhile the ratio of preterm birth post-earthquake was significantly increased than that of pre-earthquake.
Prenatal effect plays an important role in the development of offspring in rats (Champagne et al., 2003; Tang et al., 2012) . Due to a long term of perinatal mother-infant interaction in mammals, the growth and development of offspring are likely to be impacted by maternal influences, with psychological and physiological health left as long-term consequences (Simpson and Kelly, 2011 Prenatal stress from a simulation of earthquake is considered as a factor which impairs the kidney Qi (shen qi) (Leung et al., 2012) , which is the fundamental root of the congenital constitution, controlling reproduction and development and holding orifice of labor, whence agility and emanates. Jin Kui Shen Qi Wan (JKSQW) is a representative herbal formula that strengths kidney Qi, which restores the physiological functions of the kidney (Kolasani et al., 2011) . Our previous studies found that maternal EE promoted the body weight and body length and behavior tests performance of offspring, and maternal earthquake retarded the body weight and body length and behavior tests performance. Meanwhile the retardation could be corrected by JKSQW . Although many studies have focused on positive effect of the environmental enrichment and negative effect prenatal stress respectively, the trans-generation influence from positive-negative influences resulting from the maternal EE and prenatal stress, which induces development and genetic changes in offspring remains unknown ( Based on above information, we hypothesized certain genes was involved in the positive-negative intervention i.e. EE, earthquake simulation, and JKSQW treatment as underlying mechanism.
Materials and Methods

Grouping
Sixty-two Sprague-Dawley (SD) female rats (230g~270g) and 62 male rats (225g~261g) were involved in this research. The rats were housed in a room with a temperature of 22℃, 12 hour light/dark cycle and fed with food and water ad libitum. After a week of adaptation housing, the female rats were mated with the male rats. Pregnancy was confirmed with vaginal plug test. Then the 46 pregnant rats were randomized into four groups, EE group (EEG) (n=12), control group (CG) (n=11), earthquake simulation with conventional chow group (ESG) (n=11), and earthquake plus herbal group (HG) (n=12), and were housed under pregnant rat cages until the delivery. All the groups were transferred with equivalent stress during pregnancy. There was no statistical difference of gestation time detected or body weight of the first day after gestation delivery, all the litters of both groups were housed with their mothers until the 25th day after birth.
Housing
CG consisted of a standard pregnant rat rearing cage, 5-6 rats per cage. EEG consisted of a larger cage (100cm×100cm×100cm), all the 12 rats in the cage, with different objects (shelter, ladder, ball, stair, and tunnel), chews (nuts, toys), nesting material, and fetus education music twice a day in the morning and night. ESG and HG pregnant rats was housed in standard pregnant rat rearing cage as same as CG.
Earthquake Simulation
The ESG cages housing pregnant rats were manually shaken up-and-down 3 times to simulate an initial earthquake and then were shaken 
Chinese Herbal Formula Feed
The feed of HG rats was supplemented with herbal medicine until delivery, which consisted of 
Behavior Tests Light Box Defecation Test (LBDT)
The test was performed 25 days after delivery in a dry and clean white plastic box (30cm×20cm), with an incandescent lamp hung 15 cm over the box. Immediately after a litter was put in the box, the incandescent lamp was turned on, resulting in brightness in the box. Fecal pellets were counted in two minutes (Barker et al., 2010) .
Open Field Test (OFT)
A square board (90cm×90cm) was painted with yellow and white squares (15cm×15cm). The offspring of 25 days old was placed in the center of the board. We counted how many squares the offspring had crawled across in two minutes. One score was given only when the four paws of an offspring were in one square (Zhang et al., 2008) .
Gene Expression Profile Chip Experiments
RNA extraction and purification
Total RNA was extracted using TRIZOL Reagent (Cat #15596-018，Life technologies, Carlsbad, CA, US) following the manufacturer's instructions and checked for a RIN number to inspect RNA integration by an Agilent Bioanalyzer 2100 (Agilent technologies, Santa Clara, CA, US). Qualified total RNA was further purified by RNeasy mini kit (Cat#74106, QIAGEN, GmBH, Germany) and RNeasy micro kit (Cat#74004, QIAGEN, GmBH, Germany) and RNase-Free DNase Set (Cat#79254, QIAGEN, GmBH, Germany). (Figure 1 ). Raw data were normalized by Quantile algorithm, Gene Spring Software 11.0 (Agilent technologies, Santa Clara, CA, US).
RNA amplification and labeling
Real-time PCR
Primers of Irf7 (Forward Primer: TGGCAGATGGAAGCTACC, Reverse Primer: GGCTATACAGGAACACGC, Product Length=154) and Ninj2 (Forward Primer: CCACCACCTTGGTCTTCATA, Reverse Primer: AGGCTGAAGTGGCTTTAG, Product Length=152) were designed with Primer Express 2.0 (Oebiotec, Shanghai, China). Reverse transcription was performed on PrimerScript RT reagent Kit (TaKaRa, DRR037A, Takara Biotechnology (Dalian) Co., Ltd. China). Total RNA (0.5 μg) was denatured at room temperature then mixed with the reagent in a final volume of 10 μl containing 50 μM oligo dT, 100 μM random primer, 0.5 mM dNTP and the manufacturer's buffer and Enzyme Mix. The RT reaction was conducted for 15 min at 37 °C, and 85 °C for 5s in ABI 9700. First-strand cDNA product was diluted in 100 μl distilled water in preparation for real-time PCR. qPCR was performed using Super Real PreMix (SYBR Green) kit (TIANGEN, FP204, Tiangen Biotech (Beijing)
Co., Ltd. Beijing, China). Briefly, 1 μl of diluted cDNA product was used for 40-cycle three-step PCR in a Roche HOLD CYCLE Light Cycler 480 II.
Statistical Analysis
The development and behavioral tests were analyzed using a SPRENATAL STRESSS (Statistical Package for the Social Sciences) version
A non-parametric test, Kruskal-Wallis test was performed to analyze group differences in LBDT and OFT.
Results
Light Box Defecation Test
A Kruskal-Wallis test showed significant difference among the four grouprenatal stress. (p=0.00), ESG showed more scores than CG (p=0.00), and HG showed less scores than ESG (p=0.01).
Open-field Test
A Kruskal-Wallis test showed significant differences among the four group renaal stress. Respectively, EEG showed more scores than CG (Mann-Whitney U=1448.500, Wilcoxon W=2529.50, Z= -3.82, p=0.00); ESG showed less scores than CG (Mann-Whitney U=240.50, Wilcoxon W=565.50, Z= -4.13, p=0.00) ; HG showed more scores than ESG (Mann-Whitney U=275.500, Wilcoxon W=600.500, Z= -2.543, p=0.01) （Figure 3） showed more scores than CG (p=0.00) , and HG showed less scores than ESG (p=0.01).
Genes simultaneously differently expressed in EEG vs CG, ESG vs CG, HG vs CG (no change)
EEG and CG groups differed significantly in gene expression profile: 25 genes were up-regulated and 23 genes were down-regulated 
Conclusion
The findings of this study demonstrate prenatal EE could positively promote the nervous system development, earthquake stress could retard the nervous system development and herbal formula JKSQW could rectify the retardation. The negative-positive prenatal effect could result from changed expression of Irf7 and Ninj2. Meanwhile Irf7 and Ninj2 could play a key role in improving function of JKSQW.
